Abstract-Under numerical investigation is propagation of surface pendulum waves in 3D block medium. The medium is modeled by 3D lattice of masses connected with elastic springs and viscous dampers. The surface vertical pulsed concentrated loading is considered. The displacements and velocities of the surface masses are calculated. The numerical results obtained for the block medium are compared with the similar data on elastic medium and in situ experiments carried out by other researchers.
INTRODUCTION
The fundamental concept put forward by Sadovsky [1] , according to which a rock mass is a system of different scale nested blocks parted by interlayers composed of softer jointy rocks, greatly advanced understanding of the process of wave propagation in a block-structured medium. The block structure of a medium is a cause of different dynamic events that are absent in a uniform medium and, thus, undescribable with the matchable models [2] . Among such dynamic events, of interest is travel of pendulum waves that feature low velocity, long length and weak attenuation [2, 3] .
A simplest way of studying dynamics of a block-structure medium its pendulum-type approximation when all blocks are assumed incompressible and deformation and displacement of blocks take place due to compressibility of interlayers. The analytical model in this case is a lattice of masses interconnected by springs and dampers. Despite the apparently limited usability of lattices as simulations of real block-structured media, they benefit from the ability to involve analytical and numerical methods and the capacity of qualitative description of dynamic events in such media.
In this study, a block-structure medium is simulated by 3D lattice of masses connected axially and diagonally by springs and dampers. In the framework of the model, Lamb's problem is solved using the finite difference method and the result is compared with the full-scale testing data [4] and with the analytical solutions for a uniform elastic medium [5] .
PROBLEM FORMULATION
We study a nonstationary three-dimensional Lamb's problem on vertical point load applied to the surface of a block-structured half-space. The block-structure medium is simulated with a uniform 3D lattice of point masses interconnected by springs and dampers in the directions of the axes x, y, z and in the diagonal directions of the planes x = const, y = const, z = const a shown in Fig. 1a . Here, u, vhorizontal displacements in the lines of x, y; w -vertical displacements in the line of z; n, m, knumbers of blocks in the lines of x, y, z. Let l be the length of the springs along the axes x, y, z. The theoretical description of deformation of the interlayers uses the Kelvin-Voigt rheological model [6] . To the surface of the block-structure half-space, k  0 , at the point O with the "coordinates" n  0, m  0 , a vertical point load Q is applied (Fig. 1b) . 
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The equations of motion of a mass with the coordinates n, m, 0 on the surface of the half-space are given by: ;. 
The notions in (1) and (2) are: k 1 , λ 1 -stiffnesses of the springs and viscosities of the dampers in the directions of the axes x, y, z; k 2 , λ 2 -spring stiffnesses and damper viscosities in the diagonal directions; δ n0 -Kronecker delta; Q(t) -load. The initial conditions for Eqs. (1) and (2) are zero. The process of derivation of (1) and (2) is described in [7] . Owing to the symmetry, we only discuss the process of wave propagation in the domain n ≥ 0, m ≥ 0.
From now on, it is assumed that k 1 = k 2 and λ 1 = λ 2 . The analysis of dispersion properties in [7] shows that the phase velocities of the longitudinal c p and shear c s infinitely long waves are defined by the formulas:
According to the calculations [7] , the moduli of the phase and group velocities of long waves in a block-structured medium match. For this reason, it is inferred that the infinitely long waves propagate in a block-structured medium without dispersion and generate low-frequency pendulum waves.
Using Rayleigh's equation for an elastic medium [8] and the formula (3), we calculate the velocity of infinitely long Rayleigh's waves in a block-structured medium:
2. CALCULATION DATA. PULSED LOAD
The equations (1) and (2) with the zero initial conditions were solved by the explicit-scheme finitedifference method. The approximations of derivatives with respect to time, which were used in the calculations, are given below: 
